Abstract. Transforming growth factor (TGF)-ß1 is a multifunctional polypeptide that regulates a variety of cellular processes. Several studies have indicated that it is associated with epithelial-mesenchymal transition, angiogenesis, migration and metastases in many types of malignant tumors. We have used a wound-healing assay and a Matrigel invasion assay to evaluate the effects of TGF-ß1 and TGF-ß receptor I kinase inhibitor (TRI) on the cell motility and invasiveness of the human oral squamous cell carcinoma (OSCC) cell lines SAS-L1 and HSC-3. While TGF-ß1 enhanced the migration and invasion of OSCC cells, TRI significantly suppressed the migration and invasion of these cells. Exogenous TGF-ß1 up-regulated the activity of type IV collagenase (gelatinase A and gelatinase B), whereas TRI down-regulated the activity of these matrix metalloproteinases. Western blot analysis revealed that TGF-ß1 enhanced the expression of ·5, ·v, ß1, ß6 and ·vß3 integrin subunits, and these enhanced integrins were down-regulated by treatment with TRI. These results suggest that the inhibition of TGF-ß1 suppresses motility and invasiveness of OSCC cells via modulation of integrins and matrix-metalloproteinases. Therefore, targeting the TGF-ß1 signaling pathway could be beneficial in the treatment of patients with OSCC.
Introduction
Transforming growth factor (TGF)-ß1 is a multifunctional polypeptide that elicits numerous cellular effects pertinent to the metastatic process, including regulation of epithelial cell differentiation and proliferation, modulation of angiogenesis, synthesis of extracellular matrix proteins and integrin receptors, and alterations in the production of matrix-degrading proteinases and their inhibitors (1) . Consistent with the idea that TGF-ß1 can act as a tumor promoter, increased expression of TGF-ß1 mRNA or protein in tumor cells and/or plasma has been correlated with advanced tumor progression in colorectal cancer, gastric carcinoma, non-small cell lung cancer (NSCLC) and prostate cancer (2) (3) (4) (5) (6) . It is generally accepted that the components of the TGF-ß1 signal transduction pathway, i.e., the ligand, receptors, signal transducers and their transcriptional targets, are important in the suppression of tumors.
Despite advances in multimodality treatments, the 5-year survival of patients with oral squamous cell carcinoma (OSCC) remains <50%, and local recurrence and distant metastasis are major problems (7) . There are scarce data on the effects of TGF-ß1 on progression and metastasis of OSCC. Thus, the purpose of this study was to evaluate the regulatory role of TGF-ß1 on cell metastasis in OSCC. The effects of TGF-ß receptor I kinase inhibitor (TRI) on motility and invasiveness of OSCC cells were also investigated.
Materials and methods
Reagents. TGF-ß1 was purchased from Wako (Tokyo, Japan). TRI was purchased from Calbiochem (San Diego, CA). As a primary antibody for Western blot analysis, integrins ·3, ·5, ·v, ß1, ß3, ß4, ß6 and ·vß3 were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). Horseradish peroxidase (HRP)-conjugated mouse and rabbit anti-Ig secondary antibodies for Western blot analysis were purchased from Amersham Biosciences (Uppsala, Sweden).
Cell lines and cell culture. The SAS-L1 cells (8, 9) and HSC-3 cells, established from patients with squamous cell carcinoma of the tongue, were kindly donated by Professor T. Tachikawa (Department of Oral Pathology, Showa University) and purchased from RIKEN BioResource Center Cell Bank (Ibaraki, Japan), respectively. These cells were maintained as monolayers in Dulbecco's modified Eagle's medium supplemented with 10% heat-inactivated fetal bovine serum, 100 U/ml penicillin and 100 mg/ml streptomycin (complete medium). MRC-5, a fibroblast cell line, was maintained in Inhibition of TGF-ß1 suppresses motility and invasiveness of oral squamous cell carcinoma cell lines via modulation of integrins and down-regulation of matrix-metalloproteinases modified Eagle's medium supplemented with 10% heatinactivated fetal bovine serum, 100 U/ml penicillin and 100 mg/ml streptomycin (complete medium). Subconfluent monolayers of these cells were employed in all experiments. The supernatant from the fibroblast cell line culture was employed as a chemoattractant for OSCC cells in the invasion assay.
Cell proliferation assay. OSCC cells were seeded (5x10 4 cells) in 10-cm 2 dishes. After 18 h of incubation, 1 ng/ml of TGF-ß1 and/or 1 mM of TRI was added to the supernatant, then the cells were cultured for 12, 24, and 48 h. The cells were then trypsinized and counted with a coulter counter (Beckman Coulter, Fullerton, CA, USA). All measurements were made in triplicate.
Cell motility assay. Cell motility was evaluated using the in vitro wound-healing assay, as previously described (10) . Briefly, OSCC cells were seeded (1x10 5 cells/well) in 6-well plates. After incubation overnight, wounds were made by scratching the cell monolayer with a sterile plastic pipette tip. The culture medium was changed immediately after wounding to remove cell debris and factors released from the detached cells. Cells were treated with 1 ng/ml TGF-ß1 and/or 1 mM TRI. Photographs were taken using phase-contrast microscopy up to 48 h; movement of cells from the wound edges into the wound was indicative of cell motility.
Invasion assay. The membrane invasion assay was performed in Matrigel-coated invasion chambers (Becton Dickinson Labware, Franklin Lakes, NJ). Briefly, resuspended OSCC cells (5x10 4 cells) were plated in the upper chamber with 1 ng/ ml TGF-ß1 and/or 1 mM TRI, while control cells received vehicle only. Fibroblast (MRC-5) conditioned medium was added to the lower chamber as a chemoattractant for the OSCC cells. Following 24 h of incubation at 37˚C in a humidified 5% CO 2 atmosphere, cells in the upper chamber and on the Matrigel were mechanically removed with a cotton swab. Cells adherent to the outer surface of the membrane were fixed and stained with a Diff-Quit kit (Sysmex, Hyogo, Japan) according to the assay protocol. The invading cells were counted and photographed under a microscope (Provis AX-UCDM, Olympus, Tokyo, Japan) at x200 magnification. Five fields were counted per filter in each group, and the experiment was conducted in triplicate.
Measurement of type IV collagenase activity.
To evaluate the effects of 1 ng/ml TGF-ß1 and/or 1 mM TRI on gelatinase activity, cells were treated with these reagents for 24 h and then the total activity of gelatinase A and gelatinase B was evaluated using a type IV collagenase activity measurement kit ® (Life Kennkyuujo, Yamagata, Japan), according to the assay protocol.
Gelatin zymography. To determine gelatinase activity, cells were treated with 1 ng/ml TGF-ß1 and/or 1 mM TRI for 24 h before performing SDS-PAGE gelatin zymography. Briefly, each supernatant was electrophoresed onto a 7.5% polyacrylamide gel containing 0.1% sodium dodecylsulfate (SDS) and 1 mg/ml gelatin; the same amount of total protein supernatant (10 μl) was added to each electrophoretic lane. The gels were washed for 1 h in a washing buffer (50 mmol/l Tris-HCl, pH 7.4) containing 2% Triton X-100 to remove the SDS. After incubating the gels in reaction buffer (50 mmol/l Tris-HCl, pH 7.4, 10 mmol/l CaCl 2 , 1% Triton X-100, 0.02% NaN 3 ) at 37˚C for 20 h, they were stained for 30 min with 0.1% Coomassie Brilliant Blue R250 (Fluka Chemie AG, Neu-Ulm, Switzerland) to visualize bands of proteolytic activity. The gels were then destained in 5% acetic acid and 10% methanol and dried directly. Sites of gelatinolytic activity were detectable as clear bands against a background of uniform staining.
Western blot analysis. Cells (2x10 6 ) were plated in 10 ml of complete medium. After 18 h of incubation, 1 ng/ml TGF-ß1 and/or 1 mM TRI was added to the culture dishes. After a further 24 h of incubation, cells were lyzed in Igepal lysis buffer (20 mM HEPES, pH 7.5, 350 mM NaCl, 25% glycerol, 0.25% Igepal CA-630, 1 mM sodium o-vanadate) with complete Mini™ protease inhibitor (Roche Diagnostics, Mannheim, Germany). Lysates were centrifuged (14,000 x g, 4˚C, 15 min), and the protein concentration was measured by Bradford assay. Protein (20 μg) was separated by SDS-PAGE, transferred to Hybond™ PVDF membranes (Amersham Pharmacia Biotech, Buckinghamshire, UK), and, after blocking by incubation for 90 min in 5% skim-milk buffer at room temperature, treated with the primary antibody (anti-integrin ·3, -integrin ·5, -integrin ·v, -integrin ß1, -integrin ß3, -integrin ß4, and -integrin ß6 monoclonal antibody) followed by the HRP-conjugated secondary antibody (mouse or rabbit anti-Ig antibody). Protein bands were visualized with the ECL plus™ Western blot detection system (Amersham Pharmacia Biotech), according to the manufacturer's instructions.
Results
Cell proliferation assay. The proliferation of OSCC cells following treatment with TGF-ß1 and/or TRI was evaluated by coulter counter: neither agent showed significant effect before 24 h (Fig. 1) .
Cell motility assay. The effects of TGF-ß1 and TRI on cell motility were evaluated by wound-healing assay. As shown in Fig. 2 , the motility of both SAS-L1 and HSC-3 cells was increased by treatment with 1 ng/ml TGF-ß1, while TRI treatment strongly inhibited migration of these OSCC cells.
Invasion assay.
To examine the effects of TGF-ß1 and TRI on the invasiveness of OSCC cells, we performed the Matrigel invasion assay. As shown in Fig. 3 , the invasiveness of both cell lines was significantly increased on treatment with TGF-ß1 and significantly decreased by TRI.
Effects of TGF-ß1 and TRI on gelatinase activity. Activation of gelatinases was enhanced by treatment with TGF-ß1 and down-regulated by treatment with TRI (Fig. 4A) . Gelatinolytic activities of matrix metalloproteinase (MMP)-2 and MMP-9 were also examined on the gelatin-containing gels As shown in Fig. 4B , active MMP-2 was up-regulated in the presence of TGF-ß1 and down-regulated by TRI. Neither TGF-ß1 nor TRI had a significant effect on the activation of MMP-9.
Western blot analysis. Western blot analysis was used to examine the effects of TGF-ß1 and TRI on integrin expression in OSCC cells. As shown in Fig. 5 , TGF-ß1 enhanced the expression of the ·5, ·v, ß1, ß6 and ·vß3 integrin subunits, ONCOLOGY REPORTS 21: 205-210, 2009 Figure 2. Effect of TGF-ß1 and TRI on the motility of OSCC cells. Monolayers of SAS-L1 and HSC-3 cells were scratched using a sterile plastic pipette tip, then the cells were treated with TGF-ß1 and/or TRI. Photographs were taken using phase-contrast microscopy: movement of cells from wound edges into the wounds was indicative of cell motility.
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and expression of these integrins was down-regulated by treatment with TRI.
Discussion
Recent studies have suggested a significant association between high tumor expression of TGF-ß and poor prognosis in many cancers (5, 11, 12) The 5-year survival rate is better for patients whose gastric tumors are TGF-ß1-negative than those with TGF-ß1-positive tumors (5) and an absence of TGF-ß isoforms in pancreatic tumors correlates with increased post-operative survival time (12) . Intense TGF-ß staining has been shown to correlate significantly with disease progression to metastasis in breast carcinoma, prostate cancer, and colorectal cancer (6, 13, 14) and TGF-ß serum levels are significantly higher in patients who have lymph node metastases with NSCLC or colorectal carcinoma (2,4). Moreover, TGF-ß staining in colorectal and breast cancer has been shown to be stronger in the invading local lymph node metastases than the paired primary tumor site (15, 16) . Thus, there is good evidence to suggest that TGF-ß is a potent factor that promotes metastasis in malignant tumors.
Tumor invasion and metastasis are regarded as multistep phenomena that involve proteolytic degradation of the basement membrane and extracellular matrix (ECM), and altered cell adhesion and physical movement of the tumor cells. Of these steps, degradation of the ECM is essential, and many proteinases, e.g., serine proteases and matrix metalloproteinases (MMPs), are involved (17, 18) . MMPs are a family of highly homologous extracellular zinc-and calcium-dependent endopeptidases with enzymatic activity against almost all protein components of the ECM. Based on domain structure and substrate specificity, MMPs can be divided into four subclasses: collagenases, gelatinases, stromelysins, and membrane-type MMPs (19) . We evaluated type IV collagenase (gelatinase A and gelatinase B) activity because the main component of the basement membrane is type IV collagen: several studies have indicated a correlation between increased gelatinase activity and metastatic potential in cancer cells (20) (21) (22) . MMP-2 and -9 in particular are consistently detected in malignant tissues and associated with tumor growth and progression (23, 24) . Our results indicated that TGF-ß1 enhanced invasiveness of OSCC cells via activation of gelatinases, MMP-2 in particular, and that TRI inhibited activation of MMP-2.
To examine the effects of TGF-ß1 on the cell motility of OSCC cells, we performed a wound-healing assay. As shown in Fig. 2 , TGF-ß1 up-regulated the cell motility of OSCC cells, while TRI strongly inhibited cellular migration. Integrins are a family of cell surface adhesion molecules that mediate cell adhesion and initiate signaling pathways that regulate cell spreading, migration, differentiation, and proliferation. Integrins link the ECM to intracellular cytoskeletal structures and signaling molecules and are implicated in the regulation of a number of cellular processes, including adhesion, signaling, motility, survival, gene expression, growth and differentiation (25) . Integrins comprise two transmembrane subunits; · and ß. In mammals, 18· and 8ß subunits associate in various combinations to form 24 integrins that can bind to various ECM ligands (26, 27) and it is well known that these integrins play pivotal roles in cell migration and adhesion in cancer cells. Therefore, we explored the effect of TGF-ß1 on the expression of integrin subunits in these OSCC cells. Our results revealed that TGF-ß1 enhanced the expression of integrins ·5, ·v, ß6, ·v, and ß3, whereas TRI suppressed these integrin subunits. The results shown here suggest that TGF-ß1 is a major enhancer for motility and invasiveness of OSCC cells via modulation of integrins and matrix-metalloproteinases. In addition, TRI, the kinase inhibitor of TGF-ß1, strongly inhibited the motility and invasiveness of the OSCC cells via down-regulation of the expression of integrins and matrixmetalloproteinases. Therefore, targeting the TGF-ß1 signaling pathway could be beneficial in the treatment of OSCC. 
